Background. Human herpesvirus 8 (HHV-8) infection occurs in early childhood and is associated with human immunodeficiency virus type 1 (HIV-1) infection and risk for Kaposi sarcoma, but behaviors associated with HHV-8 transmission are not well described.
Human herpesvirus 8 (HHV-8) or Kaposi's sarcoma-associated herpesvirus (KSHV), the 8th known human herpesvirus, is known to be associated with the development of Kaposi sarcoma (KS), primary effusion lymphoma, and multicentric Castleman's disease. In the United States and Western Europe, HHV-8 infection is uncommon in the general population, with higher prevalence in men who have sex with men (MSM) [1, 2] . In sub-Saharan Africa and Mediterranean regions, HHV-8 infection is endemic; however, risk factors for transmission are still not well characterized, although previous African studies have shown that HHV-8 infection may be associated with lower socioeconomic status [3, 4] and food-sharing behaviors. We have previously reported that Zambian children acquired HHV-8 infection early in life, with up to 40% of children becoming HHV-8-seropositive by 48 months of age [5] . Other Central African studies have shown that HHV-8 is primarily acquired in childhood [6] .
Transmission of viruses via breast milk is well establishedexamples include human immunodeficiency virus type 1 (HIV-1) and cytomegalovirus; however, HHV-8 DNA has not been readily isolated from breast milk [7] [8] [9] , suggesting breast milk transmission of HHV-8 is uncommon for young children. Meanwhile, in HHV-8-seropositive mothers, high viral titers of HHV-8 are frequently isolated in saliva [8, 9] . In a previous study from a South African population, children of mothers with high viral load (>50 000 copies/mL) in saliva were nearly 3 times more likely to be HHV-8-positive than children of mothers who did not shed HHV-8 in saliva [9] . Several studies have shown that transmission of HHV-8 occurs within households in endemic populations, most likely via saliva exchange, although these studies have not delineated risk factors [10] [11] [12] [13] .
Transmission patterns of HHV-8 have yet to be evaluated in longitudinal studies, which are necessary to assess the temporality of relationships between feeding exposures and incident infection. A cross-sectional rural Ugandan study observed food and/or sauce plate sharing within households as marginally associated with risk for HHV-8 infection in children aged <14 years [14] . The same study also observed a significantly increased risk of HHV-8 transmission to children in households that had ≥2 members who were HHV-8-positive, suggesting household transmission patterns similar to other studies [11] .
The mode by which HHV-8 infection transmission occurs from infected mothers and other household members has public health importance, particularly in the context of populations with high rates of HIV-1 infection and poor adherence to antiretroviral therapies (ARTs), where infection with HHV-8 may subsequently lead to pediatric Kaposi sarcoma and associated co-morbidities. Indeed, our previous work has shown that ART reduces the HHV-8 incidence rate in HIV-1-infected children in endemic areas [15] .
To investigate horizontal transmission of HHV-8 infection from within a household to children, we conducted a longitudinal observational study at the University Teaching Hospital in Lusaka, Zambia. Zambia has the highest incidence of KS in southern Africa, with a recent study finding a rate of 164/100 000 person-years for patients initiated on ARTs and 59/100 000 in children aged <16 years [16] . This is the first study to investigate a possible association between incident HHV-8 infection and food and drink-sharing-sharing practices in young, at-risk children.
METHODS

Study Setting
Details of the study design, rationale, and recruitment process for this study have been described in detail in a previously reported article [17] . In brief, participants were recruited from August 2004 to April 2007 at the study clinic in Lusaka, Zambia.
Inclusion criteria for enrollment were family with a child aged <2 years (the index child), residence in Lusaka, all family members willing to participate in annual follow-up visits, and the primary caregiver and index child willing to commit to 4-month follow-up visits. At each visit, a thorough physical examination was performed and new blood and saliva specimens were collected and tested for HHV-8 and HIV-1 infection. All family members were assessed at enrollment, with specimen collection for HHV-8 and HIV-1 infection, and annually thereafter until 48 months after enrollment.
As part of the study incentives, each participant was provided multivitamins and other medications when needed and a chance for their child to be followed-up by a reputable pediatrician. At all visits, subjects were provided with counseling about risk reduction for HIV-1. Study approval was granted by the Institutional Review Boards of the University of Zambia and the University of Nebraska-Lincoln, and study subjects provided signed informed consent
Data Collection and Measures
Questionnaires were designed as described in detail elsewhere [18] . These questionnaires address potential sources of blood or body fluids from household members to the index child, with detailed questions surrounding incidents that could possibly account for salivary exposure. Data collected included sociodemographics, medical conditions, laboratory testing (HIV-1, HHV-8), household living conditions, family structure, household lifestyle risk factors (e.g. sharing dental cleaning materials, eating with fingers from a common bowl, sharing drinks), and child caregiving behaviors (e.g. frequency and type of feeding, bathing, face washing, frequency of child sleepovers away from the home, etc).
Laboratory Testing
Sample Collection
Blood samples were collected by venipuncture from all members of the household within 8 months (mean, 2.3 months) of each other. HIV-1 testing was performed at the University Teaching Hospital clinic in Lusaka, Zambia, and peripheral blood mononuclear cells were isolated for polymerase chain reaction analysis for HIV-1-positive individuals.
Human Herpesvirus 8 Serology
Antibodies against HHV-8 latency-associated nuclear antigen (LANA) and HHV-8 lytic antigens was determined by immunofluorescence assays (IFAs) at a 1:40 starting dilution using a primary effusion lymphoma (BC-3) cell line negative for Epstein-Barr virus in our lab at the University of Nebraska, Lincoln. The viral lytic cycle was induced by incubating BC-3 cells with 20 ng/mL of 12-O-tetradecanoylphorbol-13-acetate (TPA; Sigma) for 48 hours, as previously described [5] . The IFA signal was enhanced using a monoclonal mouse anti-mouse immunoglobulin G antibody (CRL 1786) [19] as the secondary antibody, and DyLight 488-conjugated donkey anti-human antibody (Jackson Immuno Research) as the tertiary and detection antibody. A plasma sample was considered to be positive if 2 readers independently determined the sample to be positive on 2 independent IFA tests. Positive samples were tested on BJAB cells (an Epstein-Barr virus-negative and HHV-8-negative B-cell line), which performed the role of negative controls to rule out any nonspecific binding of antibodies to cells.
Human Immunodeficiency Virus Type 1 Serology
Plasma was screened for HIV-1 antibodies using both Capillus (Cambridge Biotech) and Determine (Abbott Laboratories) according to the manufacturer's instructions. A result was considered positive if both rapid test assays revealed a positive result. For children aged <18 months, early infant diagnosis using dried blood spot (DBS) was conducted. If children aged <18 months were found to be seropositive but no confirmatory DBS data were available, serostatus was based on serology results that were obtained at subsequent follow-up visits (≥18 months of age). If follow-up visits were not completed, the HIV-1 result was considered indeterminant.
Data Analysis
All statistical analysis was conducted using Stata 13.0. Seroconverting children contributed HHV-8-free child-years at risk until testing positive for HHV-8. All data were right-censored at 48 months. Cox proportional hazards modeling was conducted to explore the strength and significant association between HHV-8 infection (outcome) and each individual characteristic (covariates). Hazard ratios (HRs), 95% confidence intervals (CIs), and P values were calculated to identify risk factors for HHV-8 infection. Hazard ratios were calculated adjusting for age (at enrollment) and sex. Because of the collinearity between all of the feeding and food-sharing behaviors, we conducted multivariable analyses initially using each variable individually before including other feeding variables in a separate model. We also did not include number of HHV-8 infected household members variable with the number of siblings in the household as they were highly correlated with one another. Other demographic, health, and lifestyle variables that were significant at P < .05 in age-and sex-adjusted models were included in all multivariable analysis.
Missing data from follow-up visits were addressed by carrying forward the last known follow-up behavior.
RESULTS
Demographics and Incidence Rates of HHV-8 Seroconversion
A total of 270 total index children were enrolled in the current study cohort. Of the 270 children followed, 137 (50.7%) children seroconverted to be HHV-8-positive within the 4-year follow-up time of the study, and 133 (49.3%) remained negative. None of the HHV-8-infected children developed KS over the course of follow-up for the study.
Of the seroconverting children, at enrollment 11 of 137 (8.0%) were HIV-1-positive, and 12 of 133 (9.0%) were HIV-1-negative (Table 1 ). Significant differences between seroconverting children and non-seroconverting children included the following: Enrollment age in nonseroconverters was higher than in seroconverters (14.1 ± 6.5 vs 12.4 ± 6.2 mo; P = .02). HHV-8-seroconverting children had a higher number of household members than non-seroconverting children (5.3 ± 1.6 vs 4.8 ± 1.5; P = .02 (Table 1) . There was no difference in education level or HIV-1 status between groups ( Table 1 ). The primary caregiver of seroconverting children was more likely to be HHV-8-positive (50.7% vs 36.3%; P = .02), and there was a greater number of household members who were HHV-8-positive in seroconverting children (1.9 ± 1.3 vus 1.3 ± 1.1; P < .01) ( Table 1) , with 58.2% of seroconverting children having >2 household members who were HHV-8-positive at enrollment versus 40.9% of non-seroconverting children (P < .01).
The incidence rate of HHV-8 seroconversion in the total cohort of 270 children was 30.07 per 100 child-years, based on a total of 455.67 child-years of follow-up. We examined crude incidence rates by primary caregiver and child HIV-1 status, finding an incidence rate of 29.49 per 100 child-years for HIV-1-positive children and an incidence rate of 30.12 per 100 child-years for HIV-1-negative children. If the caregiver was HIV-1-positive, incidence rates were slightly lower (25.26 per 100 child-years) than if the caregiver was HIV-1-negative (34.62 per 100 child-years). These results did not take into consideration the child's HIV-1 status. However, the findings were similar when we examined only the HIV-1-negative children. Incidence rates were 24.41 per 100 child-years for HIV-1-negative children with HIV-1-positive caregivers and 34.62 per 100 child-years for HIV-1-negative children with HIV-1-negative caregivers. The incidence was much higher among children aged <12 months (40.11 per 100 child-years vs 22.67 in children aged 12-17 mo and 24.06 in children aged ≥18 mo). Figure 1 presents the probability curves as obtained from Kaplan-Meier survival analysis. Figure 1A represents the total cohort, showing the probability of annual HHV-8 infection occurring over the 5-year time span. Figure 1B shows the probability of a child with an HHV-8-positive caregiver becoming HHV-8 infected (log rank P = .95). The probability curves seen in Figure 1C display the probability of a child withone or more household members who are HHV-8-positive seroconverting (log rank P = .03), and Figure 1D displays the probability of a child with 2 or more household members who are HHV-8-positive seroconverting (log rank P = .04).
Prevalence of Food Sharing, Feeding Behaviors, and Health Hygiene in Cohort
We found a low overall frequency of food sharing and feeding behaviors that involved the exchange of saliva. Only 1.1% (n = 3/270) stated that the primary caregiver or another caregiver premasticated the food before feeding it to the child. A high percentage were currently or had been breastfeeding (78.1% [n = 211/270] current or previous; 18.5% [n = 50/270] current and 59.6% [n = 161/270] prior breastfeeding) ( Table 2) . Less than 10% stated that they taste-tested food before feeding it to the child (6.3%), 8.9% blew on the food before feeding the child, 3% used a common bowl when eating, and 3.7% used common utensils. A similar low percentage shared drinks (4.8%), observed the child sharing food in the household (6.7%), and observed food exchange between children (6.3%). A much higher percentage stated that they cleaned the child's face twice or more daily (32.6%), with a low percentage of caregivers brushing children's teeth (4.1%), and 28.5% reporting that their child plays with more than five children.
Risk Factors for Incident Human Herpesvirus 8 Infection
None of the socioeconomic indicators (electricity, number of rooms in house, persons per room, education level of the caregiver) was associated with incident infection when adjustment was made for enrollment age and sex ( Caregiver is HHV-8-negative Caregiver is HHV-8-positive
Log rank P value = .95
Log rank P value = .04 Log rank P value = .03 Table 3 ). Reporting that the child plays with >5 children on a daily basis was associated with decreased risk of infection both in bivariate and adjusted analysis (HR, 0.54; 95% CI, .33-.90); playing with younger children (<5 years) was not associated with increased risk (Table 3) . A couple of the behaviors associated with exposure to saliva through feeding or food sharing were associated with increased risk for HHV-8 seroconversion (Table 4) . Risk factors for HHV-8 seroconversion include having the primary caregiver blow on the food before feeding to the child (HR, 1.88; 95% CI, 1.03-3.42) and sharing utensils with the primary caregiver (HR, 2.42; 95% CI, 1.11-5.29) (Table 4) .
Although HIV-1 serostatus of the child or household members was not associated with HHV-8 seroconversion, having a household member who was HHV-8 infected at enrollment was associated with infection (HR, 1.28; 95% CI, 1.06-1.54) ( Table 5 ).
Multivariable Analysis
In multivariable analysis, having a child who shares utensils with a primary caregiver was associated with incident infection (HR, 2.33; 95% CI, 1.01-5.39) as was having HHV-8-positive household members (HR, 1.27; 95% CI, 1.09-2.79), and increasing child age was protective (HR, 0.96; 95% CI, .93-.99) as was playing with >5 children (HR, 0.54; 95% CI, .33-.89) ( Table 6 ). When substituting blowing on food by a primary caregiver for sharing utensils, this behavior neared statistical significance in association with incident infection (HR, 1.73; 95% CI, .92-3.23). When substituting having ≥5 siblings/children in the household with number of HHV-8-positive household members at enrollment, the hazard ratio for incident infection was 2.24 (95% CI, 1.03-4.88).
DISCUSSION
This is the first study to find a longitudinal association between select feeding behaviors and incident HHV-8 infection in a cohort of young children in Zambia, an area that is endemic for HHV-8 infection and KS. Our earlier studies in Zambia have shown that there is high incidence of HHV-8 infection in early childhood [5] , which made our study ideal to assess household risk factors for childhood incident infection. In the present study we observed a high incidence rate of 30.07 infections per 100 child-years. This confirms our earlier observations that HHV-8 infection is acquired during childhood in Zambia and that adult seroprevalence levels may be reached relatively early in this population. One of the major strengths of this study is that information on a range of behaviors that increase the risk of salivary transmission and exposures in the household was collected via questionnaires to identify specific risk factors that may be associated with an increased risk of acquisition of HHV-8 infection, and these were evaluated longitudinally in relation to HHV-8 infection.
Feeding Behaviors Involving Saliva Exchange, Child Age, and Risk of Infection
We found some evidence for risk associated with a couple of feeding and food-sharing behaviors associated with saliva exchange (sharing utensils and blowing on food before feeding).
Our study is the first study to find these associations using a longitudinal design. Other studies have had negative findings, possible due to confounding, which may be more difficult to assess in cross-sectional studies. For example, a cross-sectional study from rural Uganda found a borderline significant association in risk of infection among those who shared a food and/ or sauce plate (odds ratio, 2.1; 95% CI, .99-4.30) [14] . We also found no association with premastication and other food-sharing behaviors in this longitudinal study, in addition to our previous cross-sectional study [20] .
Interestingly, we had an overall low frequency of food-sharing and feeding behaviors involving saliva exchange, with <10% and in many cases <5% of the participants stating that they had ever engaged in these practices, including only 1.1% who stated that they ever premasticated the food before feedings. Our results contrast with other sub-Saharan African studies where a much higher percentage of mothers and other caregivers surveyed state that they had engaged in these practices [3, 21, 22] . It is possible that regional sub-Saharan African cultural differences may account for some of the divergent patterns in frequency, and premastication may not be a common practice in Zambia. Alternatively, the way the questions were phrased in our questionnaire may have resulted in under-reporting of practices.
We also found that infants and preschool children were at increased risk of incident infection compared with older preschool children. It is likely that risk for infection tapers off as children get older and change behaviors and hygiene practices. Our findings are similar to those reported by Butler et al for South Africa where most of the HHV-8 infection occurs in young children aged <2 years [23] . Prevention efforts and recommendations for feeding practices should be focused on the youngest children.
Exposure to Other Children and Protection Against Infection
In contrast with other cross-sectional sub-Saharan African studies, we did not find any association between incident infection and number of household members or crowding indices [24, 25] . However, we did find that increasing number of siblings and children in the household, albeit not total household size, was associated with incident infection and correlated with increasing number of HHV-8 household members. Meanwhile, ours is the first longitudinal study to find that exposure to other children for play was protective against infection. It is possible that play with other children, particularly if outdoor play, indicates less indoor exposure, less illness, and less opportunity for herpesvirus infection such as HHV-8 in the household. Furthermore, limited play with other children and increasing number of siblings are independently associated with risk for HHV-8 infection, suggesting, again, that most of the transmission likely occurs in the household context. Although our previous cross-sectional study of Zambian children did not find any association with crowding or number of household members and prevalent infection [19] , we did not assess the association between siblings or outdoor play in that study.
Socioeconomic Status and Risk of Infection
We did not find any associations between socioeconomic status as indicated by in-house electricity, building material used in the home, household density, or caregiver education level. Previous studies have found that lower socioeconomic status is associated with increased risk for infection, including the study from Entebbe, Uganda, that found a protective effect with higher maternal education level [26] , as well as an earlier Ugandan study [27] and a study from South Africa [28] . It is possible that our study was underpowered to find an effect based on differences in socioeconomic status of our population given the relative homogeneity of those surveyed. Future studies, which evaluate socioeconomic status as a risk factor, should use standard indictors or interpret results with caution.
Human Herpesvirus 8 Seropositivity for Household Members and Human
Immunodeficiency Virus Infection
We found that increasing number of household members with HHV-8-positive serostatus was associated with incident child infection, similar to many other previous African studies [12, 23, 26, 27] . These are important findings because it may be essential to advise households with multiple members with HHV-8 infections to abstain from food-sharing practices when young, uninfected children are present in the household, particularly in the context of HIV-1 and limited adherence or access to ARTs. Interestingly, we did not find that there was increased risk associated with the caregiver being HHV-8-positive, suggesting that there is more likely horizontal transmission in households. However, the food-sharing practices that were associated with increased risk for transmission were those that were reported by the caregiver. This study was not designed to study the effect of HIV-1, and only a very small percentage of our participants were HIV infected; thus the study was underpowered to discern noticeable differences between groups. Moreover, even though we did not inquire about ART status of our HIV-positive index children, it is likely that a number of them may have been exposed to ART because it was being introduced into the country at the time of study enrollment and follow-up.
Implications of Findings
Our study suggests specific routes for HHV-8 transmission in young children, including sharing utensils and possibly blowing on food before food sharing. In endemic areas of sub-Saharan Africa, including Zambia, where HIV-1 is commonly associated with HHV-8 [29] and ART adherence is still a concern [30, 31] , it may be particularly important to counsel high-risk families with at-risk young infants and children. Furthermore, data from HIV patients on ART and cancer registries from sub-Saharan Africa indicate that the incidence of KS, including pediatric KS, remains high even though it is decreasing [32] , suggesting the need for the development of public health programs focused on recommending against food sharing to reduce HHV-8 infection.
